Purpose The efficacy of prophylactic granulocyte colonystimulating factors (G-CSFs) among elderly patients with non-Hodgkin's lymphoma (NHL) receiving CHOP-based chemotherapy has been demonstrated in clinical trials, and G-CSFs are recommended in guidelines. We studied guideline adherence and the effectiveness of G-CSFs in the general population. Methods We used inpatient and outpatient claims from nationally representative databases linked to cancer information from tumor registries. Patients (N = 5884) diagnosed with NHL between 2001 and 2007 who were older than 65 years and who received CHOP-based chemotherapy were included. Adherence to guidelines was measured as the use of GCSFs within 7 days of the first dose of chemotherapy. The measures of effectiveness were fever, infection, and death during cycle 1 of chemotherapy and time to cycle 2. Multiple-variable models of these outcomes were developed using logistic regression, controlling for demographic, clinical, and provider factors. Inpatient encounters for infection were similarly prevalent among patients who did or did not receive early G-CSFs (5 vs 4 %; p = 0.2). There was no association between G-CSF use and death during cycle 1. Conclusions Adherence to guidelines increased after publication of clinical trials and exceeded 70 % after publication of guidelines. G-CSFs were effective in preventing outpatient encounters for fever or infection, but not inpatient encounters or deaths during cycle 1.
Introduction
Chemotherapy provides significant survival benefit for elderly patients with non-Hodgkin's lymphoma (NHL), despite the increased risk of adverse effects among these patients [1] [2] [3] [4] [5] [6] [7] . In particular, elderly patients are at increased risks of prolonged and profound neutropenia as well as lifethreatening outcomes of infections [8] [9] [10] . These outcomes lead to reduced dose intensity and effectiveness of chemotherapy [11, 12] . Clinical trials have shown that administration of prophylactic granulocyte colony-stimulating factors (G-CSFs) improves relative dose intensity and reduces the rate of neutropenic infection in this population [13] [14] [15] . These findings, published a decade ago, led to specific recommendations from ASCO and NCCN for prophylactic use of G-CSFs among elderly patients receiving doxorubicin-based chemotherapy [16, 17] . We studied prophylactic utilization of G-CSFs before and after guidelines were published, in a nationally representative sample of elderly patients with NHL in the USA. We also studied the effectiveness of G-CSFs by examining their Electronic supplementary material The online version of this article (doi:10.1007/s00520-016-3079-4) contains supplementary material, which is available to authorized users.
than 66 years at diagnosis, those who did not have continuous Medicare Parts A and B enrollment, and those who were enrolled in Medicare Advantage HMOs during the 12 months before the diagnosis (See Appendix 1-Supplemental Information).
We examined the use of G-CSFs, infections, and resource utilization during only the first cycle of doxorubicin therapy after diagnosis. Thus, our final cohort was restricted to patients who had received doxorubicin-based chemotherapy (identified by HCPCS codes J9000, J9001, J9178, J9180, and C9415) within 6 months of diagnosis and those with continuous enrollment in Medicare Parts A and B, but no HMO enrollment, between diagnosis and 2 months after the chemotherapy.
Outcomes There were two primary outcomes of interest, receipt of prophylactic granulocyte growth factors and subsequent development of infection. Because it is not possible to determine the intent of growth factor prescription (prophylactic vs therapeutic) using claims, we examined receipt of G-CSFs early in cycle 1, which was defined as a claim for a G-CSF within 7 days of initiation of doxorubicin-based chemotherapy. The 7-day period allowed for administration of a G-CSF 1-3 days after either standard CHOP regimens or 4-day regimens commonly used among frail elderly patients and those with reduced ejection fraction (122 patients, 3.7 % of the sample). The G-CSFs included were filgrastin, pegfilgrastin, and sargramostin, which were identified by HCPCS codes J1440, J1441, C9119, J2505, Q4053, S0135, and J2820. Patients whose G-CSFs were initiated later in the cycle were included in the cohort, but not considered to have received early GCSFs. Infections were identified by inpatient or outpatient claims for documented infections or fever ICD-9 diagnosis codes (1-135, 465, 466, 480-486, 487 .0-487.8, 490, 595.0, 595.89, 595.9, 681, 682,780.60, 780.61, and 790.7) or HCPCS codes (90780, 90781, 90788, S9494, S9497, S9500, S9501, S9502, S9503, and S9504) during cycle 1.
We studied three secondary outcomes including death during cycle 1, the costs of inpatient and outpatient infectionrelated visits, and the mean number of days until cycle 2. Cost was measured from the payor's (Medicare's) perspective in 2015 US dollars. Payments for infection-related visits were inflated to 2015 US dollars using the medical care component of the Consumer Price Index. Payments for outpatient antibiotics were not included because these were not covered by Medicare for much of the study period. Costs related to cancer therapy (chemotherapy, visits for follow-up, or other clinical problems) were not included. The cost of growth factors was not examined in this study.
Covariates Anticipating variation in case mix in this observational study, we accounted for available demographic, clinical, socioeconomic, and practice or provider variables. Demographic covariates included age (<70, 70-79, 80-85, and >85 years), gender, race (white, black, and others), ethnicity (Hispanic and nonHispanic), and year of diagnosis. Clinical covariates included Charlson Comorbidity Index (0-1, and ≥2) and chemotherapy with rituximab (yes/no, identified by claims with HCPCS code J9310). Socioeconomic covariates included geographic region (Midwest, Northeast, South and West), metropolitan area residence (yes/no), the percent of persons age 25 years or older with a high school education in the census tract (grouped by quartile), and the percent of people living below the poverty level in the census tract (grouped by quartile).
Practice and provider covariates included facility type (institution based vs non-institution based), provider specialty type (hematology, internal medicine, medical oncology, and others), and the provider's annual care volume (≥3 vs <3 elderly NHL patients treated with chemotherapy). The facility and provider of interest were those associated with the claim for the cycle 1 chemotherapy doses, that is, where and by whom the chemotherapy was prescribed. The provider's annual care volume was the number of patients in the study cohort who were cared for by each physician during the year of the patient's initial cycle of chemotherapy.
Analysis We first described and compared the characteristics of the SEER-Medicare and TCR-Medicare samples. Because these characteristics did not differ in significant ways, we combined these samples for the remaining analyses. Using the combined sample, we then examined the association between early G-CSF use and each of the covariates with chi-square tests. We also explored the time trend of percentage of patients receiving early G-CSF using Cochran-Armitage tests. Based on the results of the univariate analysis, we applied multivariate logistic regression to model the likelihood of receiving early G-CSF, only including patients' demographic covariates and the covariates with a p value ≤0.20 in the univariate analysis in the final model.
Next, we examined the association between early G-CSF and the likelihood of outpatient and inpatient visits for infection using logistic regression, controlling for confounding factors. Similarly, the covariates in the final model included all demographic variables and the covariates with a p value of 0.20 or less in the univariate analysis. We also tested for interaction between early G-CSF treatment and other covariates.
All analyses were conducted using SAS v9.3 (SAS Institute, Cary NC). Parameter estimates from logistic regression models were reported as odds ratios, 95 % confidence interval (CI), and p values.
Results
The study population consisted of 5884 elderly patients with NHL, of whom 757 (13 %) were from Texas. Differences between the Texas and SEER populations reflected the demographic composition of Texas, with higher proportions of patients who were Hispanics (16.6 vs 5.8 %; p < 0.001) and patients who lived in areas with high rates of poverty and lower education (Table 1) . Fewer patients in Texas lived in metropolitan areas (75.8 vs 83.8 %; p < 0.0001). Fifteen percent of patients in Texas had Bstate buy in,^a benefit available to low-income persons, compared with only 11 % of SEER patients (p = 0.009). Patients in the two groups were similarly likely to be treated by hematologists and oncologists, although the physicians in Texas treated fewer elderly patients with NHL (p = 0.005) and fewer who received chemotherapy annually (p < 0.0001) than patients in the SEER population. More than 90 % of patients received rituximab in both the SEER and Texas populations. Importantly, the patients in Texas and SEER regions did not differ with respect to the prevalence of high comorbidity scores (12.6 and 13.0 %, respectively; p = 0.77), and based upon this finding, the groups were combined for all subsequent analyses.
Factors associated with early growth factor use Over the 7-year period, 56 % of patients received early G-CSFs during cycle 1; however, the prevalence of use varied significantly over time, from 32 % in 2001 to 72 % in 2007 (Table 2) . In univariate analysis, older patients (60 vs 52 %; p < 0.001) and those with higher comorbidity scores (60 vs 55 %; p = 0.02) were more likely to receive early G-CSF as were those who lived in metropolitan (57 vs 52 %; p = 0.004) counties and those with lower rates of poverty (59 vs 52 %; p = 0.0003). Most patients (91 %) received rituximab as a part of their CHOP-based chemotherapy. The 519 patients who did not receive rituximab were significantly less likely to receive early G-CSFs (47 vs 57 %; p < 0.0001). There were no statistically significant differences in the use of G-CSF by gender, race, or ethnicity. State buy-in, a marker for low income, was not associated with G-CSF use.
Hematologists (60 %) were significantly more likely to prescribe G-CSF than medical oncologists (55 %), internists (53 %), and those from other or unknown specialties (54 %) (p = 0.0012) ( Table 2 ). High-volume providers and those who treated more elderly patients with chemotherapy were no more likely to prescribe G-CSF than their lower-volume counterparts. The highest rates of early G-CSF use were observed in Connecticut (64 %), Atlanta (63 %), San Francisco (62 %), and New Jersey (61 %) while the lowest rates were observed in Texas (53 %) and Seattle (50 %) and Iowa (49 %) (p < 0.001).
In multiple-variable analysis, the year of treatment was most significantly associated with early G-CSF use, with a four-to sixfold increase in G-CSF use in 2004 and subsequent years (p < 0.0001) ( Table 2 ). Patients over 75 years of age also were more likely to receive early G-CSFs (p < 0.001). Patients who were not treated in the Northeast region of the USA were less likely to receive early G-CSF, particularly those in the Midwest (odds ratio (OR) = 0.64; p < 0.001) and Texas (OR = 0.71; p = 0.002). Practice differed by region of the country in every year studied, suggesting that the observed differences were due to actual practice variation, not to rapid adoption of recommendations in one or more regions (data not shown). Patients who were not treated in institution-based practices were significantly less likely to receive early G-CSF (OR = 0.79; p < 0.0001) compared with those who were treated in institution-based practices. Interestingly, patients with high comorbidity scores were not significantly more likely to receive early G-CSF in this analysis.
Outcomes Overall, 40 % of patients had an encounter for fever or infection during cycle 1; the vast majority (94 %) of these occurred in the outpatient setting. Patients who received early G-CSFs were significantly less likely to have an encounter for infection than those who did not receive early G-CSFs (35 vs 47 %; p < 0.0001) ( Table 3) . This difference was limited to outpatient encounters; inpatient encounters for infection were similarly prevalent among patients who did or did not receive early G-CSFs (5 vs 4 %; p = 0.2). The median number of days to cycle 2 was 21 days for both groups; however, cycles of 22 or more days were significantly more common among patient who did not receive early G-CSF. Discontinuation of chemotherapy after cycle 1 was similarly prevalent in the two groups. During cycle 1, there were 133 deaths, 72 (2.2 %) among patients who received early G-CSF and 61 (2.4 %) among those who did not receive G-CSF. The rates of death with and without infection did not differ significantly between those who received early G-CSF and those who did not ( Table 3 ). The mean costs of inpatient and outpatient visits for infection were significantly higher among patients who received early G-CSFs, a reflection, perhaps, of their advanced age and residence in the Northeast and San Francisco (Table 3) .
There was an inverse relationship between factors associated with early G-CSF use and rates of outpatient visits for infection; that is, the lowest rates of outpatient visits for infection were observed among patients with factors associated with the highest rates of early G-CSF use. Patients treated by hematologists, who had the highest rates of early G-CSF use, had the lowest rates of outpatient visits for infection compared with other specialties (33 vs 42 %; p < 0.0001) ( Table 4 ). The most dramatic example of this pattern was the impact of year of diagnosis. Visits for infection were most common (occurring in more than 50 % of patients) in the early years of the study period when utilization of early GCSFs was lowest (26 to 43 %). Only advanced age showed a different pattern; elderly patients were more likely to receive early G-CSFs and similarly likely to have outpatient visits for infection. In contrast to outpatient visits for infection, inpatient visits for infection were associated only with male sex (6 vs 4 %; p = 0.009), with higher comorbidity score (7 vs 4 %; p = 0.001), and with treatment in an institution-based practice (7 vs 2 %; p < 0.0001). Multiple-variable analyses revealed that patients who received early G-CSFs (OR = 0.63; p < 0.0001) and those who received rituximab (OR = 0.70; p = 0.0001) were significantly less likely to have an inpatient or outpatient visit for fever or infection as were those treated in institution-based practices (OR = 0.76; p < 0.0001) and practices in the West region (OR = 0.83; p = 0.02) and in Texas (OR = 0.83; p = 0.07) ( Table 5 ). Older patients (≥80 years) were significantly more likely to have an inpatient or outpatient visit for infection (OR = 1.17; p = 0.06).
Discussion
Granulocyte growth factors have been shown to be effective in reducing the depth and duration of chemotherapy-induced neutropenia as well as the risks of fever and infection during neutropenia [15] . Despite continuing controversy about which patients' risks of fever and infection justify the expense of these agents, primary prophylaxis with these agents is now recommended for all elderly patients with non-Hodgkin's lymphoma who undergo CHOP-based chemotherapy by professional societies in Europe [20, 21] and the USA [22, 23] . In our study, 56 % of such patients treated between 2001 and 2007 received early G-CSFs; however, utilization increased significantly over time as published evidence specific to this population accumulated.
The first guideline recommending primary prophylaxis with G-CSFs of all elderly patients with NHL receiving CHOP-based chemotherapy was published by the EORTC Cancer in the Elderly Task Force in late 2003 [24] . In the USA, the first recommendation was published by NCCN in 2004 [17] , shortly after publication of two randomized clinical trials (in 2003) showing effectiveness in this population [13, 14] . These publications were followed by a pronounced increase in G-CSF use in this population although it is not possible to determine whether the change in practice was due to the guidelines, the clinical trials, or both. Adherence to guidelines after their publication exceeded 70 %. We found that the rapid increase in the use of early G-CSFs in 2004 and following years was associated with a large and rapid decline in outpatient visits for fever and infection (Figure 1 ). These results demonstrate the effectiveness of granulocyte growth factors in preventing febrile neutropenia and infections in a large population-based sample. Most clinical trials report only grades 3 or 4 adverse events; thus, infections treated in the outpatient setting may be underreported. However, a previous population-based study using SEER Medicare data in a similar population found significantly reduced risks of febrile neutropenia among elderly patients who received G-CSFs [25] .
Retrospective reviews of 50 and 65 elderly patients receiving CHOP with or without G-CSF also support this finding [26, 27] .
The prevalence of inpatient visits for fever or infection was unchanged over time and unrelated to G-CSF use, perhaps reflecting the importance of patient factors in the decision to hospitalize for therapy of fever or infection. The risk of death was also stable over time and unrelated to G-CSF use. These findings are consistent with those reported by Doorduijn and colleagues from a European cooperative group trial. They found that administration of G-CSFs improved relative dose intensity but had no impact on the risk of severe infection or on survival [14] . In contrast, Osby and colleagues reported significantly fewer episodes of infection requiring hospitalization among elderly patients with NHL who received G-CSFs with CHOP-based chemotherapy [13] . However, they also found no impact of G-CSF administration on survival. 
Limitations
Among the strengths of this study are its population basis and large size. The findings are likely to be representative of practice and outcomes in the USA. Further, the large sample of elderly patients, who are often underrepresented in clinical trials, provides insight into this under-studied population. However, the study's limitations should be considered when interpreting these results. All analyses using claims are subject to coding errors, both over-and under-coding. Beyond these common problems are two limitations of this analysis. First, treatment intent cannot be discerned from claims data, and, thus, we defined primary prophylaxis by the timing of G-CSF administration. It is possible that our use of 7 days for this definition included some instances of G-CSF treatment for early infection rather than prophylaxis. If this occurred, our results would be biased toward no difference between those who received G-CSF and those who did not. Second, G-CSF use was at the discretion of the physician not a result of random assignment. Consequently, prescription of G-CSFs may have been subject to bias by confounding factors such as advanced age, debility, and comorbidity. It is not possible to determine what direction this bias takes. For example, physicians could have prescribed G-CSFs among the sickest, oldest patients or alternatively, among those in whom they intended to use the highest chemotherapy doses. We have attempted to control for these factors in multiple-variable analysis by including age and comorbidity scores. However, it is unlikely that these measures would control this bias completely.
Conclusions
We conclude that adherence to guidelines for G-CSFs use among elderly patients with NHL who receive CHOP-based regimens is quite good in the USA, exceeding 70 %. Adherence to these guidelines results in significantly reduced risks of fever and infection compared with patients who do not receive early G-CSFs. However, neither the risk of serious infections requiring hospitalization nor survival is affected by the use of early G-CSF.
